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ABSTRACT 
 
 
 
 
One of the main fatty acids in vegetable oil is oleic acid and it has the potential to 
replace petroleum fuels in the future. In this research, zeolite catalysts are used over the 
conversion of oleic acid into isooctane as the future biopetrol in a heating mantle at 
atmospheric pressure. The main purposed of studies is to improve the concentration of 
isooctane using heterogeneous catalytic cracking method with using 20g of zeolite 
catalysts. The effect of various rotation speed of sample at 600 rpm, 780 rpm, 960 rpm 
and 1140 rpm and dilution factor of isooctane to hexane at 10% are studied over the 
yield of biopetrol at 98
o
C. Gas chromatography is used for the qualitative and 
quantitative analysis of the samples. Backward calculation is applied to calculate the 
actual concentration of isooctane in the distilled oleic acid. The maximum yield of 
desired isooctane obtained at 1140 rpm with 20g of catalyst and dilution of 10% 
isooctane to hexane is recorded at 11.67 %. Experimental works has successful show 
that heterogeneous catalytic cracking is greater in conversion than catalytic cracking 
(static catalyst) and thermal cracking.  
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ABSTRAK 
 
 
 
 
Salah satu asid lemak utama di dalam minyak sayuran ialah asid oleic dan ianya 
mempunyai potensi yang tinggi untuk menggantikan bahan api petroleum dimasa depan. 
Dalam kajian ini, agen pemangkin Zeolite telah digunakan untuk memperolehi  
isooktana daripada asid oleik untuk dijadikan sebagai biopetrol pada masa akan datang 
dengan  menggunakan pemanas mantel pada tekanan atmosphera. Tujuan utama kajian 
ini dijalankan adalah untuk memperbaiki kepekatan isooktana menggunakan kaedah 
penguraian agen pemangkin. Kesan perubahan  jumlah kelajuan pusingan sampel pada 
kelajuan 600 ppm, 780 ppm, 960 ppm dan 1140 ppm serta faktor pencairan isooktana 
kepada heksana pada 10% dikaji terhadap penghasilan biopetrol pada suhu 98
o
C. Alat 
Gas Kromatografi telah digunakan untuk kualitatif dan kuatitatif analisis semua sampel. 
Pengiraan semula kepekatan isooktana tanpa pencairan heksana digunakan untuk 
mengira kepekatan sebenar isooktana di dalam didihan asid oleik. Kepekatan maksimum 
isooktana dicatatkan pada 1140 ppm dengan 20g agen pemangkin dan pada 10% cairan 
isooktana kepada heksana iaitu sebanyak 11.67%. Experimen ini telah berjaya 
membuktikan penguraian menggunakan kaedah agen pemangkin lebih bagus berbanding 
kaedah penguraian agen pemangkin (statik agen pemangkin) dan penguraian haba.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.0 Introduction 
 
 
Now days, are lot of people know uses and benefits of biofuel and biofuel groups 
such as bioethanol, biodiesel, biogas and biopetrol has a huge potential to replace 
petroleum fuels in the future because there unlimited resource. Biofuel derived from 
plant and animals oils recently has attracted the researchers about the capabilities and 
renewably. Other than environmental friendly, biofuel can improve the engine vehicle 
efficiency and this has been proved through research that has been done. For example 
biodiesel, it can be performed excellent energy balance (input: 1 / Output: 2.5) which 
would be 78% greater than standard diesel (Herschel, 2007). Generally, biofuel is 
defined as a liquid or gaseous fuel that can be produced from the utilization of biomass 
substrates according to Giampietro et al. (Tamunaidu and Bhatia, 2006). In this research, 
production of biopetrol by using fatty acid as the raw material  is the main topic that 
being focused. 
 
Commonly, natural triglycerides present in vegetable oil are extracted into 
several oil components using transterification route but it generates a large amount of 
glycerin (byproduct) thus difficult to purify. Therefore, heterogeneous catalytic cracking 
method is suggested. However, triglyceride molecules are too large to enter the pores of 
Zeolite (Dupain et al, 2006) during heterogeneous catalytic cracking; therefore this 
research is proceeding within vegetable oil derived or fatty acid into biopetrol at 1 atm 
and at 98
 o
C. In this case, oleic acid (C18H34O2) has been chosen for conversion into 
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isooctane which also the major constituents of biopetrol  since that oleic acid contain 
low in sulfur and nitrogen  besides it also  encounter more than 40% constituents inside 
most of  the vegetable oil such as palm oil, olive oil, rapeseed and others. Beside, Zeolite 
also is chosen because it possesses a catalytic activity that is much higher than other 
types of catalysts because of its high selectivity properties. 
 
 Twaiq et al in his paper claimed that, recently several researchers have been 
successful in production of hydrocarbons from palm oil mainly bio-gasoline or biopetrol 
(Tamunaidu and Bhatia, 2006) which have been carried out using cracking catalysts in a 
micro-reactor but still not valid for commercialize.   It also has generated a significant of 
interest of Palm Oil Research Institute of Malaysia (PORIM) in development of biodiesel 
from palm oil. (Hussain et al, 2006). 
 
 
 
 
1.1 Problem Statement 
 
 
 Currently, the world is depending to the only major source of energy as known as 
the petroleum fossil fuel. It is a nonrenewable energy and the next few decades the 
source to the crude oil will be finished. The idea of this research is to solve out the fuel 
crises that really need to have other alternative. 
 
 As we know, now day the amounts of petroleum fossil reserve in this world are 
decreasing and this problem also includes Malaysia such as the saying of Prime Minister 
Datuk Seri Najib Razak “Malaysia is an oil exporter, but if we do not find new oil 
reserves, then by 2009, we will become a net importer”. Since then, the prices of fuel 
are increasing gradually every year. Figure 1.1 is the fuel price in Malaysia from May 
2004 to June 2008 and as we can see the fuel price increase from RM 1.37 per Liter to 
RM 2.70 per Liter in this four year. After June 2008, the fuel price starts to decrease 
slowly until RM 1.80 per Liter 2009 for RON95 and it maintain until now. Figure 1.2 
shows the decreasing fuel price after June 2008. This price is still the highest compared 
to the price in May 2004.   
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Figure 1.1 : Fuel Price in Malaysia from May 2004 to June 2008 
 
 
 
Figure 1.2 : World Crude Oil & Malaysia fuel Prices from Jan to Dec 2008. 
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Figure 1.3 : Malaysia's Looming Energy Crisis (M. Noor, 2008) 
 
 
Malaysia is the one of the major oil exporters in the world. Malaysia also has the 
crisis of the declining of these mineral sources. Malaysia’s oil production is decreases in 
2004 and would then decline by 6.4 percent annually. Figure 1.1 shows the declining 
Malaysia oil’s production by 2004. Forecast, by 2009 to 2010 Malaysia will become a 
net importer because out of mineral sources (petroleum) and the demand of oil 
increasing. From figure 1.4, the blue line represents the production of oil which is 
820,000 barrels per day in 1998 and decreasing to 620,000 barrels per day in 2008. 
Within 10 years from now, all of crude oils will finish up without any preservation 
awareness.  Figure 1.2 shows the fuel price in Malaysia from May 2004 to Jun 2008. 
Bio-petrol is one of bio-fuels which can be fuel alternatives in substituting petrols and 
diesel.  
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 Figure 1.4: Malaysia’s Oil Production and Consumption 
 
 
Now, a few plants are using biomass energy technologies use waste or plant 
matter to produce energy with a lower level of greenhouse gas emissions than fossil fuel 
sources. Most of countries aware of this issue and they tend to develop research and 
modern technology to produce biofuels. 
 
At an average, about 0.1 tonne of Palm Oil Mill Effluent (POME) is generated 
for every tone of fresh fruit bunch processed. POME consists of water soluble 
components of palm fruits, saturated fatty acids as oleic acid, stearic acid and palmatic 
acid and also suspended materials as palm fiber and oil. Despite of its biodegradability, 
the POME cannot be discharged without treating it. This is because POME is very 
acidity and could pollute environment. By thinking of this, producing biopetrol from the 
POME can be the alternative solutions for treating the POME. At the same time, 
contribute to the production of biopetrol from the fatty acids. 
 
Oleic acid is the dominative component in palm oil waste. Its disposal into water 
supply sources causes serious water pollution. Besides that the loss of oleic acid as a 
useful industrial component also occurs so that it is not utilized much and always 
eliminated to improve and upgrade the quality of crude palm oil. Thus, it is disposed as 
palm oil waste and then pollutes water resources by its spillage. Producing petrol from 
the waste of palm oil will give an alternative choice to the users, especially for petrol-
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engine vehicles’ owners. In addition, this biopetrol, which is graded 100 for its octane 
number, burns very smoothly so biopetrol can reduce emissions of some pollutants 
(Omar, 2005). 
 
According to the previous research, the yield of biopetrol using thermal cracking 
is very small. In this research, the concentration of isooctane that is produced from oleic 
acid and also the conversion of fatty acids to form desired isooctane in biopetrol will be 
improved by using heterogeneous catalytic cracking process and use zeolite as catalyst.  
 
 
 
 
1.2 Objectives 
 
 
I. To analyze isooctane obtained from oleic acid (C18H34O2). 
II. To find and determine concentration of synthesized biopetrol obtained. 
III. To improve the concentration of biopetrol (isooctane) obtained from oleic acid 
using zeolite as catalyst through-Heterogeneous catalysis. 
 
 
 
 
1.3 Scopes of Study  
 
 
 In order to accomplish the objectives, the scope of this research is focusing on 
the criteria that are stated as below:- 
 
I. Application of the heterogeneous catalytic cracking process to crack the long-
chain oleic acid molecules into the smaller hydrocarbon molecules instead of 
previous thermal cracking.  
II. Identification of the composition of isooctane using Gas Chromatography 
method. 
III. Determination of the amount of isooctane through analysis using Gas 
Chromatography method.  
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IV. Description of the molecular arrangement during isomerization of oleic acid 
through catalytic cracking process with the presence of catalyst. 
V. Comparison of isooctane obtained and the mode of catalysis process with 
previous research.  
 
 
 
 
1.4 Rational and Signification 
 
 
I. Biopetrol is biodegradable and renewable resource, able to sustain the energy 
supply for transportation.  
II. Oleic acid can be found easily in most vegetable oil especially in palm oil 
(Malaysia) and wider the palm oil application for biopetrol.  
III. The rate of plant growth is much faster than the formation of petroleum oil thus 
plant has widely potential as sustainable energy.  
IV. Isooctane (B100) obtain in biopetrol by catalytic cracking reduce the 
hydrocarbon chain cause effective combustion in petrol engine and increase 
engine life.   
V. Biopetrol is sulphur free and able to reduce the emission of green emission gas 
more than 40 percent.  
VI. Catalytic cracking provide higher conversion of hydrocarbon than thermal 
cracking does by lowering the activation energy of the reaction.  
 
 
 
